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Disposal and Purification of Factort Wastes or 
Manofactdring Sewage. 



By H. W. Clabk, Chemist to MassachmeOa State Board of Health. 



The dispOBal aod purification of manufactiiral wastes has been the 
eabject of much investigation by the State Board of Health of Massacbu- 
setts daring the past fifteen years, both at the Lawrence Esperiruent Sta- 
tioD and at certain industrial establishments in the State. The nature of 
these wastes has been varied, including those from tanneries, woolen fac- 
tories, paper mills, dye worts, creameries, binders' board works, yeast 
factories, carpet works, batting works, siik mills, gas works, bleacheries, 
shoddy mills, glue works, paint mills, etc. As a result of these investiga- 
tions practical and satisfactory methods for the disposal of many of these 
wastes have been developed, and at the present time a number of puri- 
fication plants are in operation or under construction in Massachusetts. 
The subject is a broad one, and many difficulties have been encountered 
that are absent from the problem involved in the disposal of domestic 
sewage, and which, oftentimes, prevent a general application of the results 
obtained. The chief diiiiculties are (1) the nature of the waste liquor in 
some manufacturing processes whereby purification by bacterial action 
or nitrification is prevented; (3) the excessive amount of solid matter per 
unit volume of liquor, specially carbonaceous matter, — often many 
times as great as that found in the strongest domestic sewage; (3) the 
enormous volume of liquor used in many industries, which liquor comes 
from such plants loaded with organic matter and chemicals of many 
kinds; (4) the varying character of the liquor coming from different 
manufacturing plants doing similar work, — a fact which prevents the 
experimental data from being universally applicable; and (5) the lia- 
bility to change, from time to time, in the processes carried on in any 
industrial plant. 
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Wastes fboh Tannebieb.^ 
Tannery A. 

During the past fourteen years the wastes from three tanneries have 
been experimented upon. The first tannery investigated was engaged In 
preparing and tanning sheep akins. The daily volume of the waste 
varied from 30,000 to 50,000 gallons, and was composed of a thick, 
offensive liquor varying in color as different aniline dyes were osed. The 
amount of organic matter present was large and in an advanced state 
of putrefaction. It seldom contained any substance of a character to 
check bacterial action and was, therefore, easily nitrified. The aludge 
was at times great in volume and rich in fats and nitrogenous matters. 
A filter was constructed at this tannery, containing 2 feet in depth of 
sand of an effective size of 0.14 millimeter, over gravel underdraine ; and 
sewage, made up of a mixture of the waste liquors from all the proc- 
esses carried on at the tannery, was first applied to it on Sept. 27, 
1895, at an average rate of 55,000 gallons per acre daily. During a large 
part of its period of operation, however, the rate was 25,000 gallons 
per acre daily, but even at this rate the filter became clogged quickly by 
matter in suspension in the waste. 

The following analyses show the character of the liquor as applied to 
and of the effluent from this filter during its period of operation : — 

Average Analysis of Liquor applied to Filter. 
[PuiB US' loafioo.] 
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Average Analysis of Effluent from Filter. 



It was evident that better nitrification and higher rates of filtration 
could be obtained if suspended matter was removed from the sewage 
before filtration. 
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Precipitation with Lime. — In one of the procesBea at the tannery a 
large amount of lime was used, and milk of lime vas being mixed almost 
continuously with the rest of the waste. Expefimenta soon showed 
that 60 per cent, of the organic matter could be removed by sedimenta- 
tion with the aid of this lime waste. The resulting supernatant liquor, 
still very rich in organic matter in solution, was first applied in January, 
1896, to a filter ^oooo o' ^^ ^^ i>i ^^^^ ^^^ containing 4 feet in depth 
of sand of an effective size of 0.14 millimeter. This filter was located in 
a building in which the temperature was but slightly above the freezing 
point during the winter, and, because of this low temperature, nitrifica- 
tion did not become active until the approach of warm weather. The 
waste was applied for four months at the rate of 120,000 gallons per acre 
daily, but this rate was found to be excessive for so strong a sewage, 
and was reduced to 60,000 and then to 30,000 gallons per acre daily. 
Nitrification began in May, 1896, and the filter was continued in opera- 
tion until September, 1898. Nitrification continued active; the effluent 
from the filter was clear and colorless, and wlien the filter was discontin- 
ued it was working satisfactorily, and gave promise of doing so indefi- 
nitely. 

The following table gives the average analysis of the liquor applied 
to and of the effluent from this filter : — 

Average Analysis of Tannery Sewage applied to FUtsr. 

(Put! per 100.000.] 
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Average Analysis of Effluent from Filter. 



A third filter, constructed of 4 feet in depth of sand and receiving 
a mixture of the tannery liquor and domestic sewage, was kept in opera- 
tion from June, 1896, until the beginning of 1898. During most of 
this period the mixture had the proportions of 1 part tannery liquor to 
2 parts sewage, and was applied to the filter at rates between 40,000 and 
50,000 gallons per acre daily, with satisfactory purification. 

Cohe Strainer. — A coke strainer, containing 2 feet in depth of coke, 
the upper portion being coke breeze and the lower portion coarser coke, 



was started at the tannery in December, 1896, and continued in operation 
until October, 1898. Operating at rates varying from S50,000 to 300,000 
gallons per acre dai^, it was successful in removing about 85 per cent. 
of the crude organic matters in the applied sewage, represented by the 
determinations of albuminoid ammonia, and 83 per cent, of those repre- 
sented by the determinations of oxygen consumed. The effluent from the 
strainer even after the removal of this large amount of organic matter 
was fully as strong as ordinary city sewage, but could be purified easily 
At a high rate upon ordinary sand filters. Some nitrification occurred in 
the strainer, and its effluent was often fairly clear and of a color easily 
read upon the color standards used at Lawrence, while the applied sewage 
was always highly colored, either black, red or brown, according to the 
nature of the work being carried on in the tannery. Sludge was re- 
moved from the surface of the strainer several times. This sludge could 
be disposed of readily on a large scale by burning under boilers, especially 
as it contained considerable fat in addition to the coke which was re- 
moved with the deposit on the filter. 

The average analysis of the tannery sewage applied to and of the 
eSuent from the coke strainer follow : — 



Average Analysis of Liquor applied to Coke Strainer. 

(Parts per 100,000.1 
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Average Analysis of Effluent from Coke Stratrter. 



The investigations made with the wastes from this tannery are de- 
scribed in the report of the Board for 1895, pp. 471 and 472 ; report for 
1896, pp. 433^38, inclusive; report for 1897, pp. 397 and 398; report for 
1898, pp. 463-465, inclusive. 

Tannery B. 
Experiments upon the filtration of wastes from a tannery engaged in 
preparing and tanning calf skins were made during 1896 and 1897. 
The volume of liquor fiowing from the tannery exceeded 200,000 gal- 
lons per day. It was a thick, offensive liquor containing a very large 
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amount of organic matter, and was generally colored by dyeBtnfEe. Some 
of the skinB were imported, and came packed in a germicide to prevent 
decomposition; and this germicide, largely naphthalene, was present 
in the sewage throughout the period of examination. The waste liquor 
also always contained arsenic both in suspension and in solution, inas- 
much as a ton or more of sulphide of arsenic was mixed with the lime 
each month to help free the skins of hair. A large amount of the organic 
matter was present in suspension, and experiments showed that it would 
settle out from the main body of sewage very completely in one hour, 
with the aid of the lime aud other chemicals present. A considerable 
portion of the arsenic wag held by the organic matter in suspension and 
was carried down with it, but the supernatant sewage after sedimenta- 
tion contained generally enough arsenic to check bacterial growth. This 
supernatant sewage was applied to a sand filter and a coke strainer at 
average rates of 50,000 and 100,000 gallons per acre daily, respectively, 
and the effluent from the coke strainer was applied to another sand filter 
at the latter rate. 

The first filter {No. 71), containing 4.5 feet in depth of sand, produced 
a satisfactory effluent generally, but nitrification ceased entirely when the 
applied sewage contained more arsenic than usual. Operated at a rate 
of 100,000 gallons per acre daily, the coke strainer {No. 72), containing 
8 feet in depth of coke breeze, had its surface covered for about two hours 
daily. It removed considerable organic matter and generally all the 
arsenic from the sewage. When the sewage apphed to this coke strainer 
contained so mudi arsenic that only a few hundred bacteria were found 
growing in it, its effluent contained several million bacteria per cubic 
centimeter. The second sand filter {No. 73), constructed of 4.5 feet in 
depth of sand and receiving the effluent from the coke strainer at a rate 
of 100,000 gallons per acre daily, maintained uniformly good nitrifica- 
tion and purification. 

The following taBle gives the average analysis of the sewage applied to 
and of the effluent from each of these three filters : — 
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Removal of Arsenic by Coke and Iron. — Methods for removing the 
arsenic from thiB tannery sewage were studied, and it was found, aa 
stated previously, that by passing the sewage through a filter or strainer 
of coke breeze it was quite thoroughly freed from arsenic. This removal 
was due probably to the presence of iron in the coke, since tiie same result 
was accomplished by passing the sewage through iron filings or turnings. 

Average Amount of Arsenic (As20s) in Entire and Supernatant Sewage, 
and Effluent from Coke Strainer. 

[Farta pet 10O.O0O.I 

Entire tannery sewage, 8.5447 

Supernatant tannery sewage, 1.6757 

Effluent from coke strainer, 0.0823 

Generally speaking, the effluent from the coke strainer was free from 
arsenic, but occasionally, if an excessive amount was applied and if the 
strainer was overworked, some arsenic would pass through. Examination 
of the coke proved that a large percentage of the arsenic was retained in 
the upper few inches of the strainer. For example, a small strainer con- 
taining S feet in depth of coke breeze was flooded each day for two weeka 
with tins sewage. The effluent examined each day was found to be free 
from arsenic. On October 15 the coke itself was examined, with the fol- 
lowing results : — 

Arsenic as AS2O3. 

IParW p« 100.000.1 

Upper 4 inches of coke, 36.40 

Middle 4 inches of coke, 6.60 

Lower 4 inches of coke, 0.20 

The investigations upon the wastes from this tannery are fully described 
in the report of the Board for 1896, pp. 431-433; and in the report for 
1897, pp. 396 and 397. 

Tannery C. 
In 1900 an application was received by the Board from a tannery, asking 
advice as regards the improvement of its wastes and stating that for years "■ 
a system of settling basins had been maintained at considerable expense. 
The following conditions were found to obtain at this tannery : the chief 
waste liquors were those from the processes of wool-scouring, skin-wash- 
ing, tanning, dyeing and the drainage from the water-closets used by about 
300 employees, all of these wastes passing to the settling basins. The 
water used in the last bowl of the wool-scouring machine was discharged 
into a stream in wet weather, but when the flow was small this water was. 
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need for Bkin-washing. The wool after being ecoured was rineed in rinsing 
machines, which used a great quantity of water, — about 500,000 gallonfl 
per day. The most objectionable waste was the drainage from the glue- 
stock washer. This was a cylindrical tank 1? feet in diameter, located in 
the floor of the skin-waahing room, but at bo low an elevation that it 
could not be connected with the main drain leading to the settling basins. 
The waste from the process of glue-stock washing amounted to aboat 
33,000 gallons a day, and contained lime and dirt from the akina, and, 
on alternate days, sulphuric acid. Measurements of the flow of sewage 
and also of the water flowing out of the settling basins were made, the 
amounts of the latter being on four different days, — namely, October 8, 
November 12, November 2S and November 25, — 332,000, 400,000, 370,- 
000 and 350,000 gallons, respectively. 

Two small sand filters, each containing 6 feet in depth of sand of an 
effective size of 0.24 millimeter, were put into operation. The waste 
liquor resulting from the preparation of hides for tanning was applied to 
Filter No. 1, and to Filter No. 3 the waste liquor from certain processes 
necessary in tanning hides, together with considerable wool-scouring 
liquor. Both filters were continued in operation for three months at a 
rate of 63,000 gallons per acre daily, producing well-purified efiluents 
with but little odor, the results thus showing that the sewage from both 
drains at the tannery could be purified easily upon sand filters. Following 
this, the sewage from both drains was applied to Filter No. 1 at an average 
rate of 83,500 gallons per acre dally for two months. By mixing these 
sewages and applying both to one filter the effluent was caused to be 
considerably higher in color, and nitrification became more active after the 
application of the mixed sewage than before. 

From 1901 to 1904 the waste from this tannery increased materially, 
434,000 gallons being the daily volume at the time measurements were 
made during the latter year. The quantity of wet sludge removed by the 
crude settling tanks at the tannery in 1901 was estimated to be about 3,700 
cubic feet, and better settling basins would probably have removed a larger 
quantity. 

Experiments made at Lawrence in 1904 indicated, in confirmation of 
earlier experiments with this waste, that it might be practicable to purify 
this tannery sewage upon sand filters operated at a rate as great as 80,000 
gallons per acre daily. 

In September, 1907, further investigations of the wastes from this tan- 
nery were carried on at the experiment station, and filters were again put 
into operation, to which were applied the wastes from the outlets of the 
settling tanks. The process of tanning at the works at this time was found 
to be about as follows : the hides were first steamed and soaked in order to 
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make them soft, then the inside of the skin was painted over its entire 
surface with a decoction containing arsenic. The skine were then folded 
with the painted surface inside and allowed to remain over night in a 
warm atmosphere and " sweated." The arsenic so aifected the hide that 
the hair could he easily removed. The skins were then washed. The 
waste water contained practically all the arsenic, but this was mixed 
with the entire volume of waste liquors which flowed from the tannery. 
It was suspected that the arsenic in the waste liquors might prevent 
nitrification and therefore good purification by filtration. 

A filter (No. 33S), containing 4 feet in depth of sand of an efEective 
size of 0.25 millimeter, was put into operation at a rate of 75,000 gal- 
lons per acre daily. The waste as received at the station was applied 
until November, when the effluent of the contact filter (No. 334), con- 
structed of 2 feet in depth of coke breeze and iron turnings (1 part of 
iron to 9 parte of coke), was applied to it. This filter was operated with 
the waste as received at a rate of 350,000 gallons per acre daily, two 
hours' contact being allowed. Nitrification did not occur to any great 
extent in the sand filter until the effluent of the contact filter was 
applied. The beginning of nitrification at this time was probably a 
coincidence, however, as other experiments seemed to show that nitrifi- 
cation would have started without the preliminary treatment in the 
contact filter. Nitrites, furthermore, had been very high in the effluent 
of the sand filter at times previous to the application of the effluent of 
the contact filter. The amount of arsenic in the waste liquors was not 
large, the average in many samples examined being only 0.13 part per 
100,000, and of this, the contact filter removed practically 54 per cent. 

Another filter (No, 333) was started in November, 1907, of the same 
size and depth of sand as the filter just mentioned. It was operated at 
a rate of 75,000 gallons per acre daily at first and then at 100,000 gal- 
lons per acre daily, the dose applied to this filter being equal parts of 
Lawrence sewage and tannery waste. Nitrification was active until the 
rate was changed, when it became much poorer. In addition to these 
filters, a sand filter (No. 335) was operated with Lawrence sewage to 
which arsenic was added. The sewage at first contained 0.01 of a part 
of arsenic and the amount was increased each week until the arsenic 
applied equaled 50 parts per 100,000. The effluent from the filter 
contained about 6 per cent, of the arsenic in the applied sewage. The 
following February the sand from the surface of the filter contained 1.2 
parts arsenic per 100,000, and sand at a depth of 6 inches, 0.6 part 
arsenic. 

The following table gives the average analysis of the effluent from each 
of these four filters : — 
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Average Analysis of Effluent from Filter No. 332. 
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From the above experiments it seemed probable that good sand filters 
receiving the sewage from the outlet of the settling tanks at the tannery 
would, if operated at reasonable rates, produce good nitrification even 
with considerable arsenic in this waste, but that some arsenic would 
accumulate in the upper layers of the sand ; that it would he best to pass 
the sewage, after sedimentation, through filters of coke breeze for 
partial purification and for the removal of a considerable percentage of 
arsenic before passing the sewage to sand filters. 

During 1909 filters were again operated with waste from this tannery. 
The first filter, containing SVa feet in depth of sand, was operated at rates 
varying from 50,000 to 150,000 gallons per acre daily, producing an 
effluent which was odorless and but slightly turbid, 

A Trickling Filter receiving Tannery Sewage. — A second filter, 
containing 6 feet in depth of broken stone, was started in May, 1909, 
arid was operated at rates varying from 500,000 to 1,500,000 gallons per 
acre daily, and a well-nitrified, stable and practically odorless effiuent 
resulted. The supernatant liquor after a short period of standing was 
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dear, and the eediment wag aa stable as the characteristic sediment of 
all good trickling filters. The average analysis of the efftuent from this 
filter was as follows : — 
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In June the effluent from this filter was applied to a sand filter 31^ feet 
in depth and operated at a rate of 150,000 gallons per acre daily. This 
latter filter produced an effluent with the following average analysis : — 
IPaits par 100.0W.] 
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All these filters were kept in operation without difficulty and were 
in good condition at the end of the experiment. The matter in sus- 
pension separated more easily in warm weather than during the colder 
portion of the year, but during the entire period of operation the filters 
did not cease to give good nitrification. 



Waste Ltqcoes fbou SconsiNa and Washing Wool. 
The liquor resulting from scouring and washing wool by the o!d- 
fashioned methods, which are still quite common in Massachusetts mills, 
is large in volume and exceedingly rich in mineral and organic matters, 
both in solution and suspension, and of a nature not readily acted upon 
by the bacterial agencies of putrefaction, decomposition and nitrification. 
Since 1895 studies have been made by the Board of the wastes from a 
number of large plants where this work is carried on. Many measure- 
ments of the volume of water used per gallon of wool scoured and 
washed have been made, and also many estimates of the amount of dirt 
contained in these liquors. Some of these measurements follow. The 
differences are due either to the varying quality of wool washed or to 
variations in the manner of operation, depending upon the degree of 
cleanliness required of the wool. 
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Plant No. 1. — Sixty-seven thousand gallons of water per day used per 
42,000 pounds of wool scoured; 2,144 pounds of solid matt«r discharged is 
each 12,000 gallons of waste; 1.6 gallons of water per pound of wool scoured. 

Plant No. 2. — Seventy-three hundred gallons of water per day used per 
23^00 pounds of wool scoured, or 3.2 pounds per gallon of water; 7,415 
pounds of solid matter per 12,000 gallons of waste. 

Plant No. 3. — Twenty thousand gallons of water per day used; 9,281 
pounds of solid matter per 12,000 gallons of waste. 

Plant No. i. — Thirty-seven thousand gallons of water per day used per 
10,000 pounds of wool scoured, or 3,7 gallons per pound of wool ; 54 gallons 
of water per pound of wool used in addition for washing the wool after scour- 
ing; 4,500 pounds of solid matter per 12,000 gallons of wast«. 

Plant No. 5. — Sisty-eight gallons of water used per pound of wool scoured 
and washed; 25,000,000 pounds of wool scoured per year. 

Plant No, 6. — One hundred and fourteen thousand pounds of wool scoured 
per day; 0.56 of a gallon of water used per pound of wool scoured. 

Filtration. 

ExperimentB in. 1895, 1896 and 1897 on the filtration of varions 
wool wastes all resulted in failure when wool liquor alone waa applied 
to the filter. This was to be expected owing to the general character of 
the wastes. Only when these wastes were mixed with large volnmes of 
domestic sewage could they be successfully treated by intermittent filtra- 
tion. When applied directly to sand or coke filters these wastes quickly 
clogged the surface, and the effluent did not differ in its general character 
from the applied waste. When clarified by various chemicals the liquor 
passed through the filters readily, but still remained practically un- 
changed. In fact, when applied in any considerable volume to a filter 
which was receiving domestic sewage, and which was in a state of active 
nitrification, it quickly checked this action. Filtration results were as 
follows : — 

Filter No. 61. — This filter was 34oooo of an acre in area, and con- 
tained over the usual underdraine 60 inches in depth ot sand of an 
effective size of 0.25 millimeter. The waste liquor from scouring wool 
was apphed at an average rate of 17,000 gallons per acre daily. The re- 
sults showed that while this liquor could he filtered through sand at 
this rate and a large percentage of its organic matters removed, yet the 
filter was operated with difficulty, owing to constant clogging, and a 
removal of the surface layers of sand was necessary repeatedly. 
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Filters Nos. VI. and VII. — Filter No. VI. contained 60 incheB in 
depth of eand of an effective eize of 0.25 millimeteT, and Filter No. VII. 
contained the same depth of coke breeze. To these two filters the efflu- 
ent from Filter No. 61 was applied at an average rate of 50,000 gallons 
per acre daily. Each filter disposed of the applied liquor readily, but it 
passed through the 6 feet of filtering material with very little or no 
change. 

Average Analysis of Effluent from Filter No. VI. 
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Average Analysis of Effluent from Filter No. VII. 



Filter No. VIII. — This filter contained 6 feet in depth of sand of 
an effective size of 0.35 millimeter, and to it was applied the supernatant 
liquor resulting from removing much fat and dirt from the strong waste 
wool-scouring liquor when using calcium chloride aa a precipitant. This 
treatment with calcium chloride gave an almost complete clarification of 
the liquor, and its strength after treatment, estimated fay albuminoid 
ammonia determinations, was about the same as that of the effluent from 
Filter No. 61. Filter No. VIII. disposed of this clarified liquor readily 
at an average rate of 100,000 gallons per acre daily, but it passed through 
5 feet of sand with very little change. 
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Analyses of Waste Liquor from a Second Plant. — Some complete 
analyses of waste liquor from a plant at which the liquor was more 
dilute than at Plant No. 1 resulted as follows : — 



Analyses of Wool-scouring Liquor. 
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Filtration of Waste Wool Liquors from a Third and Fourth Plant. — 
An experiment was made upon the filtration of the entire waste flowing 
from a third plant, thia waste including not only the liquor from scouring 
but aleo that from washing and rinsing. The filter contained i^ feet 
in depth of sand of an effective size of 0.23 millimeter, but the waste 
passed through without nitrification. Afterwards, a amall portion of city 
sewage, about one-fifth of the total volume of liquor applied to the filter, 
was added to the waste; nitrification became quickly established and the 
character of the effluent became much improved. It was possible to 
operate this filter at a rate exceeding 200,000 gallons per acre daily and 
still obtain a well-oxidized effluent. It was continued in operation for 
two years; then waste-scouring and washing liquor from a different 
establishment waa mixed with the sewage and applied. It was still 
successful in causing purification. During the first three months of 1898 
the filter waa operated at a rate of 400,000 gallons per acre daily, the 
average analysis of the applied liquor and of the effluent being as 
follows : — 
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After this, the applied liquor was so changed that the mixture con- 
sisted of a strong scouring liquor mixed with city sewage, in the pro- 
portion of 1 part liquor to 17 parts sewage, and the rate of operation of 
the filter was reduced to 55,600 gallons per acre daily. The average 
analyses of the liquor applied to and oHhe effluent from this filter during 
the ensuing four months follow: — \ 
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It will be seen that the diaracter of the effluent of the filter d 
very decidedly during this period, although it was clear t 
colorless. 

Application of Rotted Wool-Liquor. — During this period IP sand 
filter of the same depth and grade of sand as the filter just mei^^°°®'^ 
was in operation. It received the same grade of mixed liquor at thea^'**® 
rate, but before application the mixture was allowed to stand fortyBj^"^^" 
hours for anaerobic bacterial or rotting action to occur. The effluent J 
this filter was of a much better character, showing that the bacte^ 
action which took place before application, like that which occurs i^ 
septic tank, broke down the organic matter of the wool waste t 
degree that it was more easily nitrified. 
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Sedimentation. 
When wool-Bcoiiring liquorB are allowed to run into settling tanks, a 
considerable portion of the matter in Bnspension, ench as sand, mineral 
matter, etc., washed from the wool, settles out. It is probably true, 
judging from our experiments, that in no case will more than 30 per 
cent, of the organic matter in suspension settle out within any reasonable 
length of time. Generally the percentage is not as large as this, inas- 
much ae the soapy and fatty matters present have a tendency to float and 
to hold up other matters in suspension. 



Chemical Precipitation. 

In the experimental treatment of these wool wastes about all the 
common preeipitants were- used, sncb as lime, ferric sulphate, ferric 
sulphate and lime, iron alum, aluminum sulphate, ferrous sulphate, 
ferric chloride, calcium chloride, etc. In all these experiments it was 
shown that a large amount of precipitant was needed to cause any 
coagulation whatever. Varying amounts of alum up to 30,000 pounds 
per million gallons often had little effect, and the same can be said of 
the addition of ferric sulphate. When ferric sulphate and lime were 
both added the amount necessary to cause a fair coagulation and pre- 
cipitation was somewhat lees. Treatment of some of these wastes with 
sulphate of alumina, at the rate of 50,000 pounds per million gallons, 
caused no precipitation beyond that given by sedimentation alone. With 
ferrous sulphate and ferric chloride some precipitation could be obtained 
by using 15,000 pounds per mQlion gallons. Calcium chloride was more 
efficient than any of the other preeipitants, but at least from 10,000 to 
80,000 pounds per million gallons had to be used with a strong liquor. 
In the use of this precipitant the filtrate after precipitation was generally 
almost odorless. 

The failure of preeipitants to cause any satisfactory coagulation and 
precipitation of wool-scouring liquor, except when added in excessive 
amounts, is due to a number of causes. Inasmuch as the amount of 
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organic and mineral matter present in the liquor iB often from one hun- 
dred to three hundred times as great as is seen in ordinary domestic 
sewage, the necesfiity for an excessive use of preeipitants is to be eipected. 
There is, too, the difficulty due to the large amount of dirt. Much of the 
fatty matter in the liquor, furthermore, is in a state of Bemi-emulsion, 
and lighter than the water in which it is held; hence, any coagulation 
tends to gather this matter into maBses containing a smaller percentage 
of water than before coagulation, and this coagulum, by reason of its 
buoyancy, carries some of the preeipitants to the surface instead of being 
carried down by them. The experience at Lawrence has been similar to 
that at other places in the purification of such liquors by precipitation. 
At Bradford, Eng., the center of the English woolen trade, where it is 
calculated that 8 per cent, by volume of the sewage of the city comes from 
wool-washing establishments, it has been shown that from nine to twelve 
times as much precipitant is needed when treating week-day sewage as 
when treating Sunday sewage, free from this waste. 

Straining through Coke and Cinders. 

Eiperiments have shown that a considerable clarification can be ob- 
tained by passing these liquors to beds of coke or cinders ; in fact, if the 
liquor is to be considered a sewage, and passed into the sewers of a town 
or city, the most successful method of treatment is undoubtedly by the 
combination of settling tanks and coke strainers, the mixture of the clar- 
ified effluent with the domestic sewage being passed to an ordinary filter 
bed. 

At a fourth factory the liqnors came from the processes of scouring 
wool, washing yam, cloth-washing and dyeing, and . the total volume 
amounted to 30,500 gallons per day, divided as follows : 31,000 gallons 
from wool-scouring, 2,100 from yarn-washing, 400 from cloth-washing 
and 7,000 from dyeing. 

Acid Treatment. 
Many examinations and experiments were made at the station with 
these liquors, and it was estimated from the analyses that the organic 
matter in them was equal to that in 200,000 gallons of domestic sewage 
such aa flowed to the area to which it was proposed to pass these wastes. 
It was found that only about SO per cent, of the organic matter in sus- 
pension would settle out in twenty-four hours; that the use of 25,000 
pounds of sulphuric acid per million gallons of liquor treated caused 
good coagulation of the fatty matters and left the organic matter in such 
a condition that it could be filtered or strained easily, leaving a clear 
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liquor. It was decided that if these wastes were passed through settling 
and acid treatment tanks they would then be sufficiently purified or 
freed from organic matters to pass the town sewers. The ezperim^ts 
showed that in this way about 70 per cent, of the organic matter and 90 
per cent, of the fats present would be removed, and that by further treat- 
ment upon coke or sand strainers the removal of fatty matters would 
approximate 99 per cent. At many places abroad and at several places 
in this country — two in Massachusetts -^ this sludge is further treated 
in heated filter presses, to eartract the grease. Grease extracted in this 
way in Massachusetts can be sold ordinarily for about Z cents per pound. 

New Processes. 

Owing partly to the difficulty of treating this liquid like domestic 
sewage and partly to the fact that it contains a valuable amount of 
grease, anunonia and potash, many processes are being tried abroad in the 
hope that these various bodies can be saved. The old method of accom- 
plishing partial recovery consists simply, as stated previously, in the 
application of sulphuric acid, by which the fats are to a certain extent 
coagulated and removed by settling tanks and strainers. A method of 
treatment said to be used abroad for the recovery of fats, soap, etc., is 
known as the Yaryan process. By this process the liquors from wool- 
scouring, cloth- washing, etc., after partial evaporation in a special fonn 
of evaporator, have the fata separated from the water by means of a 
centrifugal machine. The water after this separation is evaporated and 
the potassium carbonate recovered. The steam from this evaporation is 
sometimes condensed and the distilled- water thus produced used for 
scouring, etc. 

At one of the large mills at Lawrence, Mass., all the wool is now treated 
by a patented naphtha process, and it is stated that about 50,000 pounds 
of wool grease are saved each week. It is also stated by the mill authori- 
ties that the process is a profitable one, and that there is a ready sale for 
the grease produced. Of course, the naphtha treatment removes only 
fatty matters, etc., and a large amount of dirt still remains to be washed 
from the wool. Grease extracted from the wool by this naphtha process 
is said to command ordinarily a price about twice as great as that pro- 
duced by acid treatment. 

The following table shows the character of the strong waste wool- 
scouring liquor from several large woolen and worsted mills in Massa- 
chusetts. The figures given on the table are in each ease the average of 
many analyses. 
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Woolen Mill Wastes. 

The entire wastes from several woolen mills were studied at the station, 
with the following results : — 

Mm No. 1. 

The wastes from this mill consisted of water used in washing woolen 
cloth before dyeing, in dyeing the cloth and in washing the cloth after 
dyeing. The liquor from cloth-waehing was tlie usual heavy, soapy liquid, 
rich in organic matter and containing much matter in suspension. The 
dyes used were generally of the aniline and black logwood varieties, 
the wastes being, therefore, generally black. In washing the cloth after 
dyeing, a solution of " black iron," consisting of muriatic acid, nitric 
acid, and copperas, was added to the water in which the cloth was washed. 
The total volume of waste water from this mill averaged from 150,000 to 
200,000 gallons per day. The average waste varied in character ac- 
cording to the relative volumes of the difEerent wastes coining from the 
mill, and was generally a blaclc and very turbid liquid containing a large 
amount of matter in suspension. It did not putrefy, and much of the 
matter in suspension precipitated readily. Experiments with chemical 
precipitants showed that from 3,000 to 6,000 pounds of lime per million 
gallons of waste treated brought about good coagulation and precipita- 
tion, together with a removal of most of the coagulating matter. The 
use of 3,500 pounds of lime per milhon gallons of liquor caused the 
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remoTal of 80 per cent, of the nitrogen determined as albuminoid 
ammonia, over 90 per cent, of the matters determined by the oxygen 
consumed test, together with about 70 per cent, of the organic and other 
matters determined by loss on ignition. As the volume of wast« from 
this mill was about 200,000 gallons daily, about 700 to 1,000 pounds of 
lime would be required if chemical precipitation of the waste was fol- 
lowed, this meaning an expense of about $3 daily for lime. 

Two small filters were operated at tlie station: to one (No. 301) the 
average waste was added at a rate of 100,000 gallons per acre daily for 
two months. Then for two months it was operated at a rate of 55,000 
gallons per acre daily with the supernatant liquor after chemical pre- 
cipitation. The effluent from this filter was always clear, light green in 
color and non-putrescible. The second filter (No. 303) was operated for 
four months at a rate of 100,000 gallons per acre daily, aud received the 
supernatant liquor after sedimentation without chemical tTeatment. This 
filter also gave a clear, non-putrescible effluent, of a quality fully as good 
as that receiving the waste after treatment with chemicals. Each filter 
was constructed of 3 feet in depth of sand of an effective size of 0.28 
milUmeter. 

The average analyses of the raw waste, of the waste applied to and 
of the effluent from each filter, together with the percentage removal of 
organic matter, are shown in the following table: — 
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Mill No. e. 
The wastes from thiB mill were of four classes: (1) liquors from wool- 
scouring processes, (S) spent dye liquors, (3) wash water, (4) waste 
water from a shoddy mUI. It was impossible to obtain an accurate esti- 
mate of the relative volumes of these wastes as the mill buildings covered 
a large area and were built over race-ways connecting the pond on one 
side of the mills with the river on the other side. The apparatus in the 
scouring department consisted of two sets of 4 tanks each, one set 
of 3 tanks and 6 large round kettles for carbonizing; in the dye-hotise 
there were 33 kettles for dyeing piece-cloth and 48 kettles for dyeing 
wool; in the washing department there were 40 washing machines, 7 
of which were used in the neutralizing room; in the shoddy mill there 
were 3 beater-engines, similar to those used in paper mills, Z shoddy 
seouring-tanks and 4 acid tanks. The volume of waste resulting from 
the apparatus used was about as follows : — 
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Average samples of these wastes were sent to the experiment station in 
August, 1909. The samples as received were very highly colored, gen- 
erally by a blue dye, and contained a large amount of organic and mineral 
matter in solution and in suspension. The average analyses of the waste 
before and after sedimentation follow : — 
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Two filters, Nos. 380 and 381, were put into operation, receiving the 
supernatant waste after sedimentation. No. 380 was a trickling filter 
constructed of 6 feet in depth of broken stone, and No. 381 was con- 
structed of W2 feet in depth of aand with an effective size of 0.26 milli- 
meter. The trickling filter (No. 380) was operated for seven weeks at 
ratea varying from 500,000 to YSOjOOO gallons per acre daily. Ita effluent 
was found to differ little in appearance and analysis from the applied 
waste. Filter No. 381 was first operated at a rate of 50,000 gallons per 
acre daily; then, after a few weeks, at a rate of 150,000 gallons per acre 
daily with the effluent from Filter No. 384. (See below.) Operated 
in this way, Filter No. 381 gave an effluent which was always clear and 
odorless, but more or less colored by the blue dye in the applied waste. 
A large part of the organic matter applied was removed by the filter, 
as is shown by the following average analysis of ita effluent: — 



Average Analysis of Effluent from Filter No. 381. 
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Filter No. 384 contained 2 feet in depth of sand and was operated at a 
rate of 1,500,000 gallons per acre daily. After three weeks' operation 
the upper sand in the filter became badly clogged; 3 inches of sand were 
removed and a few days later the rate was reduced to 1,000,000 gallons 
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per acre daily. Subsequently, when the surface sand became again badly 
clogged, the sand throughout the entire depth of the filter was examined, 
which eiamination showed that the clogging was confined practically to 
the upper 3 inches, and was due to fatty matters present in the wastes 
on account of the addition to these average wastes of those from wool- 
ecouring. The fatty matters present in the upper 3 inches of sand aver- 
aged 500 parts per 100,000. The efluent from the filter was always clear 
and odorless, hut had considerable color. The average analysis of its 
effluent for the two months of its operation was as follows : — 
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The experiments with the wastes from this mill indicated that they 
conld be purified without any great difficulty to a degree sufficient to allow 
their entrance into the river without nuisance, by a sand filter, or strainer, 
operated at a rate of 600,000 gallons per acre daily, with the production 
of an effiuent containing but a small percentage of the organic matter in 
the original waste. The waste before passing to such a filter should have 
passed through ample settling basins to allow time for the sedimentation 
of the large amount of matter in suspension, and the waste from the wool- 
scouring processes should have received separate treatment to remove the 
fatty matters before being mixed with the remaining wastes from the 
mill. 

Mm No. S. 

The wastes discharged from this mill came from the processes of 
washing, boiling and dyeing heavy woolen cloth, the total volume of 
waste amounting to between 30,000 and 35,000 gallons daily. Aniline 
dyes were used. The process of washing after dyeing covered a period 
of from one and one-half hours to two hours. The first waste wash- 
water discharged was dirty and black, and contained large quantities 
of heav}' suspended matter. During the rest of the washing period the 
water was much clearer, and contained but small amounts of matters 
in suspension. The total waste water from the mill consisted of approxi- 
mately 1 part of spent dye liquor to 13 parte of the water from cloth- 
washing. 
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In 1906 two filters were put into operation at the station to receive 
this waste. Filter No. 307 contained 3 feet in depth of sand of an effec- 
tive size of 0.28 millimeter, and was operated at a rate of 100,000 gallons 
per acre daily with the supernatant liquor after treatment with 5,000 
pounds of lime and 5,000 pounds of copperas per million gallons. The 
efftuent from the filter was always slightly turbid and of a light green 
color, but was aon-putreacible. After a few weeks' operation the rate of 
this filter was reduced to 50,000 gallons per acre daily, with much better 
results. Average analyses of the waste before chemical treatment, of the 
waste after chemical treatment, and of the effluent from the filter follow. 

To Filter No. 308, containing 4 feet in depth of sand of an effective 
size of 0.25 millimeter, the supernatant liquor after sedimentation only 
was applied, first at a rate of 100,000 gallons per acre daily and later 
at a rate of 50,000 gallons per acre daily. The efBuent from this filter 
was always clearer than that of the filter receiving the treated waste, was 
less tarbid, had less color, and was always non-putrescible. 

The average analyses of the waste before sedimentation, after sedi- 
mentation and of the effluent from the filter follow. 
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Filter No. 308. 
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The experiments carried on at Lawrence indicated that the waste 
water could be satisfactorily treated by means of plain sedimentation 
followed by intermittent filtration through 3 or 4 feet of moderately fine 
sand, at a rate not exceeding 50,000 gallons per acre daily. 
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Mill No. 4. 

The waatea from this mill came from the processes o( washing and 
dyeing cloth and dyeing raw cotton. In cloth-waehing the cloth is first 
saturated with soap in the fulling machines and then washed for a period 
of from twenty to thirty-five minutes. The total amount of wash-water 
from this process was between 30,000 and 40,000 gallons daily. Prom 
18,000 to 15,000 gallons of this contained considerable soap, the re- 
mainder being practically clear. The dyes used were heavy logwood and 
aniline dyes, and the waste discharged consisted of the spent dye liquor 
together with the rinse water. The total volume of water from dyeing 
and rinsing amounted to about 21,000 gallons per day. The worst vaates 
discharged from the mill consisted of from 13,000 to 15,000 gallons of 
wash-water used in washing cloth and about 13,000 gallons of spent dye 
liquor per twenty-four hours. 

On Oct. 22, 1906, a mixture of the worst wastes from the mill was 
applied after sedimentation to a filter (No. 320) containing 3 feet in 
depth of sand of an effective size of 0.25 milliineter, at a rate of 100,000 
gallons per acre daily. This waste was very turbid, pinkish in color, non- 
putrescible, and deposited only a small amount of matter when allowed 
to stand. Eighty-five per cent, of the organic matter in the applied waste 
as shown by albuminoid ammonia determinations, and 89 per cent, as 
shown by the oxygen consumed results, were removed by the filter. The 
efiluent was clear, colorless and non-putrescible. 

The average analyses showing these results follow : — 

Average Analysis of Waste Liquor, Filter Effluent and Percentage Removal 

of Organic Matter. 
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The plans for the purification of these wastes showed two sand filter 
beds having a combined area of half an acre, these beds to be under- 
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draiDed by tile pipe 314 feet below the surface of the eand. This area 
seemed to be ample for the treatment of the waste liquor from this mill. 
With a total volume of 30,000 gallons per day, the rate of filtration 
through these beds would be 60,000 gallons per acre daily, and although 
the amount of matter settling from these wastes was slight, some pro- 
vision for sedimentation seemed desirable. 

Carpet Mill Wastbb. 

During 1904, 1905 and 1906 investigations were carried on by the 
Board in regard to the wastes at the works of a carpet company. The 
principal wastes were from the processes of scouring wool, yam, etc., and 
had the general appearance and character of such wastes; that is, they 
were heavy, soapy liquids, semi-emulsions of fat, dirt and soap, and con- 
taining a large amonnt of solid matter, sometimes 2,000 or 3,000 parts 
per 100,000 parts, or seventy to one hundred times as much as an ordi- 
nary Massachusetts domestic sewage. They contained, also, an amount 
of organic matter determined as albuminoid ammonia often ten to twenty 
times as greet as that in average domestic sewage, and the organic matter, 
as shown by the determination of oxygen consumed, was correspondingly 
high. 

Measurements made in 1904 of the amount of waste from the various 
machines at the mill follow: — 
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Measurements made in 1908 showed the total volume to be much larger 
than that of 1904, but this increase was due largely to the use of clear 
water in the discharge pipes of the mill for the purpose of flushing. The 
actual volume of waste from the mill, not including this fairly clear 
water, was probably from 110,000 to 114,000 gallons per twenty-four 

hOBTB, 
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In October, 1904, experimenta were begun with the waatfis from this 
plant. The waste dye liquors were densely colored, with green and red 
hues predominating, and were generally acid. Mixtures of the varioufl 
wastes, made in proportiouB corresponding to the volume of each as it 
flowed from the mill, gave a liquor exceedingly rich in organic matter and 
of a green color. This mized liquor was alkaline, owing to the large 
volume of wool-scouring liquor present, and this was the waste upon 
which the experiments upon sedimentation, chemical precipitation and 
filtration were made. It was found that by allowing the mixed or 
average waate liquor to stand for twenty-foar hours there was removed 
by sedimentation about 50 per cent, of the total nitrogenous organic 
matter present and about 60 per cent, of the total organic matter. 
Ordinary coagulants, except in excessive and costly amounts, had com- 
paratively little effect on the organic matter left after this sedimenta- 
tion. Copperas and lime, when applied at the rate of 3,500 pounds of 
each per million gallons of liquor, reduced the nitrogenoiu matter 
left in the supernatant liquor after sedimentation about 23 per cent., 
and the total organic matter 35 per cent. The same precipitants, when 
used at the rate of 5,000 pounds per million gallons, reduced the nitrog- 
enous matter 34.5 per cent., and the total organic matter remaining 50 
per cent. 

Seven filters, constructed of different filtering materials were started 
and kept in operation for five weeks, for the purpose of studying the 
most suitable and eEBcient method for the filtration of these wastes. 
Three of these were constructed of sand of an effective size of 0.33 
millimeter, and were operated at rates varying from 100,000 to 
500,000 gallons per acre daily. The other four filters were constructed 
of cinders, soft coal, coke breeze and charcoal, respectively, and each 
was operated at the rate of 500,000 gallons, with the exception of the 
cinder filter, which was operated at a rate of 1,000,000 gallons per acre 
daily with the supernatant liquor after twenty-four hours' sedimenta- 
tion of the waste. These experiments showed that sand filtration at a 
comparatively low rate gave the best purification; that by chemical pre- 
cipitation followed by sand filtration at a rate higher than that usual 
with filters receiving the supernatant liquor from simple sedimentation 
more organic matter could be removed, but not enough more to com- 
pensate for the chemicals used; that with a cinder filter operated at a 
1,000,000-gaUon rate purification nearly as good could be obtained as 
that with the low-rate sand filter, but that excessive clogging necessi- 
tated f reqnent removal of filtering material ; that a coke breeze filter at 
a 50 0,000 -gallon rate gave as good results as a cinder filter at a 1,000,- 
000-galIon rate, and nearly as good results as the low-rate sand filter; 
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and that none of the filters removed much of the green color of the 
applied liquor. 

In December, 1905, additional experiments were begun, and six filters 
were put into operation, receiving the supernatant liquor after sedi- 
mentation of the entire waste, one being constructed of cinders and the 
others of sand, and these filters were continued in operation for nearly 
seven months. A filter constructed of IS inches in depth of cinders 
was operated at a rate of 500,000 gallons, and its effluent was applied 
to a filter constructed of %7 inches in depth of sand and operated at a 
rate of 100,000 gallons per acre daily. This combination of filters re- 
moved from the applied liquor 6S per cent, of the nitrogen deter- 
mined as albuminoid ammonia, 6S per cent, of the organic nitrogen, 6S 
per cent, of the organic matter determined as oxygen consumed, 23 per 
cent, of the total solids, and 56 per cent, of the combustible solids. 

A second combination, consisting of three sand filters of equal areas 
and each constructed of 31,^ feet in depth of sand, was put into operation 
at the same time, the supernatant liquor after sedimentation being 
applied to the first of these sand filter at a rate of 100,000 gallons per 
acre dailj, the efBuent from the first filter to the second, and the effluent 
from the second to the third. As a result of this experiment the per- 
centage removal of the organic matters, etc., in the applied liquors was 
as follows: — 
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During the same period a filter of the same depth of sand. Filter No. 
396, was operated at one-third the rate of each of the three filters just 
described, namely, 33,300 gallons per acre daily, this rate giving the 
same rate per unit of surface as the combination just described. The 
percentage removal of matter present in the applied liquor was as fol- 
lows, and was practically the same as that of the three filters operated at 
higher rates : — 
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Filter No. 206. — Per Cent. Removed. 
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The effluents from all these filters, with the exception of the shallow 
cinder filter, were clear and generally green in color. They were per- 
fectly stable, no putrefaction ensuing when kept in the warm laboratory 
for weeks, although the waste itself quickly putrefied. The work done 
by all these filters improved steadily, nitrification taking place in each of 
them during the laet two months of operation. 

The results of the work carried on with these wastes during the period 
described appeared to prove that an efBuent of good quality could be 
obtained by the use of settling tanks holding one day's flow from the 
mill, this to be followed by sand filtration of the supernatant liquor at 
a rate as high as 50,000 gallons per acre daily, the sedimentation remov- 
ing about 60 per cent, of the total organic matter present and filtration 
removing about I'S per cent, of that remaining. 

Average Analyses. — Untreated Waste Liquor. 
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Filter No. 284. — Applied Waste Liquor. {Swpematcmt after Twenty-fott 
Hours' Sedimetttation.) 
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Filter No. 284.' — Effluent. 
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Filter No. Z8S.' — Effluent. 
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Filter No. 294.' — Effluent. 
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Waste Liquobs from Paper Mills. 

The waste liquors from paper mills can be divided into two groups, 
the first including the waate liqaors from washing and prepariEg the 
stock, and the second including waste liquors produced in working this 
stock ap into paper. The volume of the liquors from washing and pre- 
paring the stock is much smaller than that used in the process of manu- 
facture, but it contains a much larger percentage of organic matter. 
The total volume of waste liquors discharged from a paper mill is 
generally very large. This volume in 1896 from two plants, taken as 
good examples of the paper-making industry in Massachusetts, varied in 
both cases between 2,000,000 and 3,000,000 gallons per day. In one 
plant there was worked up yearly about 5,100 tons of a stock consisting 
largely of old paper, but including a considerable amount of old rope and 
bagging, and also a small amount of old oilcloth. In making this stock 
into paper about 1,000 tons of chemicals and dyestufEs were used yearly, 
consisting of alum, quicklime, chloride of lime or bleach, soda ash, cop- 
peras, china clay, caustic soda, starch, aniline dyes, bichromate of lead, etc. 
The second mill investigated as to the volume of its waste liquor produced 
about 4,000 tons of paper yearly, and used also a very large amount of 
chemicals, dyestuffs, etc. The waste liquors produced by boiling rags in 
caustic soda, caustic lime, or mixtures of soda ash and lime, in order 
to free them from grease, dirt and coloring matter, are of such composi- 
tion that it is practically impossible to purify them by intermittent 
filtration. A sand filter operated at the station in 1895, to which such a 
liquor was applied, gave very poor results, and other experiments made 
since that date with hke liquors have resulted similarly. 

The following table gives the average analysis of the liquor applied to 
and of the efBuent from the filter mentioned, — Filter No. 60, Hoooo 
of an acre in area and containing 5 feet in depth of sand of an effective 
size of 0.26 millimeter. It was operated at the rate of 65,000 gallons 
per acre daily. 

Average Analysis of Liquor Applied to Filter No. 60. 
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Contmued experimentation made it clear that the only satisfactory 
method of treatment of the strong alkaline liquor alone was by evapora- 
tion and by recovery of chemicals, and this method is used in many places 
at home and abroad. 

An average analysis made in 1895 of the mixed waste liquors from each 
of the mills mentioned above resulted as follows: — 
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Experiments made in 1895 and 1896 showed that either or both of 
these Uquors could be passed through sand filters at rates of from 200,000 
to 400,000 gallons per acre daily, with a clear, bright and well-purified 
effluent as a result. Little nitrification occurred in the sand filters re- 
ceiving such liquor, and the fibrous matter in it, of which the chief organic 
pollution was composed, formed a mat over the surface of the filter often 
tenacious enough to hold together and to he easily rolled up and removed. 
The average analysis of the effluent from a sand filter, containing 4.5 feet 
in depth of sand of an effective size of 0.S3 millimeter, which received 
the mixed liquors of the composition shown above and at the rates men- 
tioned, was as follows : — 
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Straining thTough Coke. 
In order to test the value of coke as a strainer in removing the im- 
purities from these paper mill liquors, a small coke strainer, %oooo of 
an acre in area, was kept in operation at one of the mills for a period of 
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several monthB. To this straiuer liquors from all the processes of wash- 
ing and manufacture of paper at the mill were applied, and the rate of 
operation varied from 500,000 to 2,000,000 gallons per acre daily. It 
gave a uniformly clear, practically colorless effluent, and there was de- 
posited upon its surface a large accumulation of dirt, fibrous matter, 
etc., which was rolled up from time to time and removed. A cinder 
strainer waa equally efficient, 

A small coke strainer to which these liquors were apphed was kept 
also in operation at the station for a period of several months, at the rate 
of 1,000,000 gallons per acre daily. The effluent of the strainer was clear, 
almost colorless and contained little organic matter. The average analy- 
sts during its period of operation, when receiving the mixed liquor, was as 
follows : — 

Effluent from Coke Strainer No. 77 A. 
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Screening, Sedimentation and Chemical Precipitation, 
Much of the organic pollution in the mixed liquors is in suspension, 
and is quite readily removed by passing the liquors through fine wire 
screens. In some mills a considerable portion of fine pulp which passes 
through the paper machines is saved in this way, and it is evident that a 
large part of the dirt in the various wash waters can be screened out 
in the same way. Besnlts obtained by sedimentation showed that about 
30 per cent, of the total organic pollution could be removed from the 
waste liquors if they were allowed to settle for one hour, but that con- 
siderably longer periods of sedimentation failed to give much better re- 
results. With precipitants such as ferrous or aluminum sulphate, in 
the proportion of 500 pounds per 1,000,000 gallons of liquor treated, 
about 45 per cent, of the organic matters was removed. 

FpBTHEK Experiments with Wastes feom Paper Mills. 
Ten years later, in 1905 and 1906, the waste hquors from the two paper 
mills previously mentioned were again experimented with, and also the 
liquors from a third paper mill, with the following results : — 
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Paper Mill A. 

The stock employed at this mill was made up of old manilla and jute 
rope and old bagging in proportions varying with the quality of paper 
produced, but averaging 53,000 pounds of rope and 6,000 pounds of 
bagging during each twenty-four hours. The stock is cut very fine and 
dusted, thereby losing much of its dirt. It is then boiled about nine 
hours in a rotary boiler under forty-five pounds' steam pressure, in the 
presence of large bat varying amounts of lime and soda. Every morning 
these boilers are blown off, the stock ia dumped and allowed to drain. 
In its pulpy condition the stock is then put into washing machinea and 
washed three to four hours. It is bleached at the end of the wash, if 
necessary, by pickling in washing machines with bleaching liquor, and is 
then transferred to draining chambers. Some of the stock ia used 
directly for paper after being beaten and ground, while some receives 
a second wash, and, after being beaten and ground, is run up on a paper 
machine. 

The materials used in this mill averaged at the time of these experi- 
ments about as follows per twenty-four hours : — 

52,000 pounds of old manilla and jute rope. 
6,000 pounds of old bagging. 
5,400 pounds of lime. 

600 pounds of soda ash, 
1,400 ponnds of bleaching powder. 
1,500 pounds of white clay, 

250 gallons of sizing solution, dyes, etc 

The volumes of waste liquors from the mill per day were about as 

follows : — 

30,000 gallons of boiler waste. 
900,000 gallons of water used in washing the stock from the boilers. 

75,000 gallons from draining chambers. 
200,000 gallons from the stock washed a second time. 
500,000 gallons from paper machines. 
150,000 gallons from cleaning the mechanical filters. 

The waste liquors were divided into three classes: boiler wastes, 
washing-machine wastes and paper-machine wastes. Two large settling 
tanks and a number of experimental filters were constructed and put into 
operation at this mill in July, 1905, and the experiments were con- 
tinued until November, X906. Until Dec. 15, 1906, the liquor experi- 
mented with was made up of the boiler and machine wastes mixed in 
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proper proportiouB. The two settling tanks put into operation, namely 
A and B, were each 9 feet in diameter at the bottom, 8 feet at the top 
and 8% feet deep; and the capacity of eaeh was approximately 3,400 
gallons. Each tank bad three vertical partitions about 1^ feet apart, 
Etretching across the tank and extending downward from the eurface 
of the water about 3 feet, in order to break the current between the inlet 
and outlet pipes. The outlet of each tank was a siphon arranged to 
draw the waste a short distance below the surface. During the first 
period of operation of these tanks they received mixed rotary wastes and 
washing-machine wastes, with the result that little sedimentation oc- 
curred. During a period of five months in 1906, however, the tanks 
received the waste liquor from the washing machines only, and during 
this time they removed 39 per cent, of the organic matter determined 
as loss on ignition and 33 per cent, determined as albuminoid ammonia. 
The analj-ses of the liquor entering and of the effluent from these tanks 
during this latter period follow: — 



Tanks treating Paper MiU Waste, — Average Analyaes and Percentage Removal 
for the Months of June to October, tndiwiue. 
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Filters Nos. 1 attd 2. — Two filters, each Yzn of an acre in area, were 
put into operation in July, 1905, and were operated until November, 
1906, Filter No, 1 was constructed of 20 inches in depth of cinders and 
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Filter No. 2 of from 25 to 30 inches in depth of sand of an effective aize 
of 0.20 millimeter. Each filter received, until December, 1905, the mix- 
ture of boiler and waBhing-machine waste coming from the settling 
tanks. After that date each filter received the waste liquor from the 
washing machines after this waste had passed through the settling 
tanks. Each filter was operated intermittently at rates varying from 
200,000 to 1,000,000 gallons per acre daily, but it became evident that 
the maximum rate at which they could be operated with good results was 
from 200,000 to 300,000 gallons per acre daily. Filter No. 1 removed 
during its period of operation 54 per cent, of the applied organic matter 
as shown by the loss on ignition determinations and 65 per cent, of 
the nitrogenous matters as shown by determinations of albuminoid 
ammonia. Filter No. 2 removed 69 and 60 per cent., respectively, of 
the organic matter as shown by similar determinations. Each filter when 
operated at a reasonable rate produced a non-putrescible effluent. Each 
filter required raking several times during its period of operation, and 
from Filter No. 2, 3 inches in depth of sand were removed on Oct. 27, 
1905. 

The average analysis of the effluent from each of these two filters 
follows : — 

Effluent from Filter No. 1. 

[P«rU per lOCOGO.] 
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Other filters also were operated at this time, some being constructed of 
sand and others of gravel. The gravel filters were operated as trickling 
filters at rates varying from 2,000,000 to 4,000,000 gallons per acre daily. 
Filter No. 1, as stated above, was Ynn of an acre in area and constructed 
of from 18 to 20 inches in depth of cinders with an effective size of 0.20; 
Filter No. 3 was ^^17 of an acre in area, constructed of from 35 to 30 
inches in depth of sand of an effective size of 0.20 millimeter; Filter No. 
3 was %76 of an acre in area and contained 30 inches in depth of fine 
sand of an effective size of 0.30 millimeter, underlaid with coarse gravel; 
■Filter No. 4 was a trickling filter, ^0000 of an acre in area, and contained 
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5 feet in depth of gravel; all of which had a diameter less 'than 33 milli- 
meters and none lees than 6 millimeters, the effective eize being about 
10 millimeters; Filter Wo. 5 was a duplicate of No. 4; Filter No, 8 was 
M-Oooo of an acre in area and constructed of SO inches in depth of fine 
Hand of an effective size of 0.15 millimeter; Filter No. 10 was ^73 of 
an acre in area and constructed of 6 feet in depth of small stones from 
l/4-inch to 3 inches in diameter; and Filter No. 11 was ^0000 of an acre 
in area and constructed of 8 feet in depth of coarse gravel similar to 
that in Filter No. 10. 

The results obtained with most of these smaller filters, both sand and 
trickling, were of little value except in a negative way. The effluents 
from the trickling filters were generally putrescible, and those from the 
shallow sand filters, containing only a few inches in depth of sand, were 
little, if any, better. The beat result was obtained from Filter No. 8. 
This filter was operated at a rate of 600,000 gallons per acre daily, and 
was dosed intermittently during nine hours of the day, being flooded 
every half-hour with the effluent from Filter No. 11, a filter operated 
as a trickling filter at a rate of 2,000,000 gallons per acre daily. The 
effluent from Filter No. 11 was always putrescible, but that from Filter 
No. 8 was clear and non-putrescible. Filter No. 11 was operated without 
difiSculty for six months in 1906. 

The average analyses of the applied waste and of the effluent, and 
figures showing the percentage of purification of each of these filters, 
follow : — 



Average Analyses and Percentage Removal for 
October, inclusive. 
Filter ffo. 1. 
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Average Analyses and Percentage Removal for the Monffia of June to 

October, inclusive — Concluded. 

Fiiiert Not. B and 4. 
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FiUer No. B. 
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Filler No. 10. 
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FiUer No. 8. 
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Paper Mill B. 

This mill made approximately 25 tons of white magazine paper during 
every twenty-£our hours. At the time of the experiments the stock used 
consisted of prepared wood pulp and rags, the amount of rags varying 
from 5 to 15 per cent, of the total stock used. But one rotary boiler was 
used at the mill, and this was emptied but three or four times a week, 
making the daily volume of boiler waate about 1,500 gallons. Lime only 
was used in the boiler, the amount being about 1,300 pounds at each 
charge. Considerable bleaching powder was used at the mill, also large 
amounts of china clay and size, as the product was a high-grade white 
paper. The total volume of waste water from the washing machines was 
about 400,000 gallons per day; that from the paper machines was much 
larger, but was almost all reclaimed, eo that its treatment did not re- 
quire attention. 

An experimental plant was put into operation in December, 1906, con- 
sisting of one settling tank and one filter. The first experiments were 
made upon filtration of both boiler and washing-machine wastes, but 
they were unsuccessful. After May 17 the waste water experimented with 
was that from the washing machines only. 

The settling tank was 5^4 feet in diameter and 5 feet deep, holding 
900 gallons, and was similar to Tanks A and B at the experimental plant 
of Paper Mill A, The tank was so operated that the time of passage 
of the waste liquor was approximately five hours during the period from 
December, 1905, to September, 1906, The rate of flow was then so in- 
creased that the waste took only two and one-half hours to pass through 
the tank. Analyses showed that this tank removed 79 per cent, of the 
total solid matter; 75 per cent, of the organic matter, as shown by loss 
on ignition; 75 per cent, of the nitrogenous organic matters, deter- 
mined as albuminoid ammonia, and 78 per cent, of the organic matters 
determined by the oxygen consumed test. The tank was cleaned May 17, 
July 7, September 13 and October 9. The filter used was 11 feet in 
diameter, or J^bo o^ ^n acre in area, and was constructed of S4 inches in 
depth of screened cinders with an eilective size of 0.20 millimeter. It 
received the effluent from the settling tank from December, 1905, to 
September, 1906, at a rate of 900,000 gallons per acre daily. The rate 
was then increased to 1,500,000 gallons per acre daily. The filter was 
raked three times during its period of operation and the material was 
scraped from it but once. This filter received the washing-uaachine waste, 
was very efficient and gave an effluent that was clear, practically color- 
less, odorless and non-putrescible. 



ifl by Google 



The average analyses of the applied waste and of the effluents from 
both the settling tank and filter follow : — 



Average AnalysiB of Waate Liquor applied to Settling Tanks. 
[Futi pn l«>,cno.] 
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Average Analysis of Effluent from Settling Tank. 




"■' 


£9.73 M.S> 10.11 .0617 O.BtaS O.mt 


j.«,|| ..„[ 


S.Il 


Average Analysis of Waste Liquor applied to Filter. 


«.7<. 


- 1 IS.Ol 1 ~ 1 .0TS6 0.3tS7 


1 - 1 -1 






Average Analysis of Effluent from 


Filter. 




M.IB 


- II •■" 1 - 1 ■•» 1 •■■»= 1 - 


1 ■ 1 '■" 1 





Conclusions. 
The experiments and inveatigationB of the Board concerning the treat- 
ment of waste liquors from paper mills have shown quite clearly that a 
satisfactory method of treatment is to allow all the wastes, except perhaps 
tliose from the rotary boilers, to run together, and then to pass the liquor 
through coke or similar strainers at a high rate. The resulting effluent 
will be quite uniformly of good quality, and the wastes left upon the 
strainepB will contain so much fiber as to be held together like matting 
and easily removed. At filter plants where mechanical filters and coagu- 
lants are used for clarifying the water supply use can be made of the 
wash water of these filters, inasmuch as they contain more or less chem- 
icals, for partial purification of some of the wastes. 



Waste Dye Liquors. 

Early in the history of the station the purification of sewage colored 

with dyestuffs was given considerable attention, and it was found that 

a large proportion of the coloring matters in the sewages treated was 
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removed by intermittent sand filtration. LoDg-continned application 
of colored sewage to a filter, however, lefsened its efficiency for removing 
these colors. In the review of the work upon the purification of tannery 
wastes it haa been mentioned already that intermittent sand filters re- 
ceiving these wastes, though highly colored oftentimes witii dyestuffs, 
removed practically all of this color. 

During 1903 much was done upon methods for decolorizing the dye- 
house wastes from one of the large Lawrence mills. At thia mill about 
63,000 gallons of water were used each day in dyeing. The total volume 
of water used for dyeing and washing, however, averaged about 850,000 
gallons per day. Coohng the water, for example, in the dye vats before 
discharging by adding large volimies of cold water, etc., caused a volume 
of colored water much larger than the 63,000 gallons actually used in 
the dye vats to be discharged from the mill. The dyes used varied greatly, 
but it is probable that anilines and a small amount of wood extracts were 
the colore contributing most largely to the wastes studied. The liquors 
were all so highly colored that a half-gallon bottle filled with them would 
scarcely allow the passage of light. There were all colors, from red to 
violet, hut the predominating hue was blue-black. There was present, 
furthermore, considerable waste matter in suspension, consisting largely 
of pieces of yam, etc. 

Filtration of Dye Liquors. 

Three filters — intermittent sand, coke contact and trickling — were 
operated with this waste. Each filter was 5 feet in depth, and the rates 
were 50,000, 400,000 and 540,000 gallons per acre daily, respectively. 
These filters were numbered 197, 198 and 199.^ The sand filter. No. 
197, was operated for seven months, produced a clear effluent having a 
pale yellow color and removed 95 per cent, of the organic matter. Con- 
tact Filter No. 198, operated for three months, removed the color less 
completely, but removed 80 per cent, of the organic matter. The trick- 
ling filter of broken stone, operated for three months, reduced the color 
even less than the contact filter, and removed about 70 per cent, of the 
organic matter of the wastes apphed. 

The average analyses of dye liquor and effluents are given in the fol- 
lowing table: — 

> See pace* ZT1-27T, iacluaive. rsport far 1W3. 
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Average Analysea of Dye Liquor and Efjluenta. 

[PirU per 1OO.0O0.I 
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Chemical Precipitation of Dye Liquors. 
Many experimentB upon the treatment of theae wastes by chemical 
precipitation were made. The wastes treated were all deeply colored red, 
blue, green, black, etc. With most of them the best results were obtained 
by adding lime and ferric chloride in varying proportions, the total 
amount added never being greater than one ton per million gallons 
treated. By this treatment practically all the coloring matters were often 
coagulated and removed. Other preeipitants, such as copperas, iron, 
alum, etc., gave at times good results, either singly or in combination 
with each other or with lime. The amount of precipitant required 
varied greatly, according to the character of the dye liquors treated, 
but generally copperas followed by lime in amounts of about one-half 
a ton each per million gallons of dye liquor caused excellent coagulation 
and marked removal of color and organic matter. 

FUtration of Clear Liquor from Chemical Treatment of Dye Wastes. 
Filter No. SOS. — This filter contained 4 feet in depth of sand with 
an effective size of 0.27 millimeter, over the usual underdraiuB, The 
filter received supernatant dye liquor from chemical treatment at the 
rate of 2,000,000 gallons per acre daily. It was operated for sis months, 
and the average analysis of its effluent was as follows : — 

[Puts par 100,000.1 
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Filter No. 21^. — This filter was conetructed o£ 4 feet in depth of soft 
coal ashes. It received supernatant dye liquor from chemical treatment 
at a rate of 2,000,000 gallons per acre daily. Its average analysis was 
as follows; — 

[Part* p«r mOOO.] 
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Treatment of Sludge on Ashes. 
Filter No. 206. — This filter was constructed of 2 feet in depth of 
soft coal ashes. It received the sludge from chemical treatment of the 
dye liquor at a rate of 40,000 gallons per acre daily. The applied 
liquor generally disappeared in twenty-four hours, so that the filter was 
ready to receive the next day's application. "When the period required for 
disappearance became unduly great, it was necessary to remove the 
sludge, and this was done four times in five months. The effluent from 
the filter was always clear and colorless, and it contained an exceptionally 
small amount of the organic matter, as the following average analysis 
shows : — 

Average Analysis of Effluent from Filter No. 206. 
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Waste Liquors feom Creameeies. 

ExperimentB were made during 1898-99 upon methods for purify- 
ing the waste from creameries. This waste consisted largely of the water 
used in washing out cans, chums and other utensils, together with the 
milk washed from these cans. There was, of course, a very large amount 
of putrescible organic matter in this waste, A sample from a creamery, 
supposed to represent the strongest waste liquor from that place, was 
collected and analyzed, with the following results : — 



Creamery Waste. 
IPuti per mOOO.] 
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Owing to the difBculty in obtaining samples representing the entire 
wastes from the creamery, it was thought that experiments with mix- 
tures of milk and water in different proportions could be made at the 
experiment station, and that the results could be applied in the purifica- 
tion of the wastes from the creamery. The first experiment was as fol- 
lows 1 — 

A filter containing 4 feet in depth of clean sand of an effective size of 
0.33 millimeter was put into operation on April 11, 1898, and received 
a mixture containing at first equal proportions of skimmed milk and 
water at the rate of 200,000 gallons per acre daily. The strength of 
this mixture was so great that it was applied to the filter for two days 
only. On the third day the rate was reduced to 100,000 gallons per 
acre daily, and the liquor applied contained one-third skimmed milk 
to two-thirds water. Even this mixture clogged the filter badly, and on 
April 83, 3 inches of curd were removed from its surface and the filter 
was dug over to a depth of 6 inches. After this the liquor applied to 
the filter contained only one thirty-fifth as much milk as water, and its 
analysis was as follows : — 
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The amount of ammonia found in the mixtures of milk and water 
and also the amount of oxygen conBumed from permanganate, varied 
with different samples of milk and with the same sample at different ages. 
The Bkimmed milk used at first was generally soar when applied to the 
filter, and the reaction of both the liquor applied and of the effluent was 
acid. No nitrification took place in the filter during this period, and 
the average analysis of the effluent for each of the two following months 
was as follows : — 

Effluent. 
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Beginning June 1 the mixture of milk and water was sweet at the 
time of application at least half the time, and, when sour, milk of lime 
was added in amounts varying from 1 to 13 grains per gallon, to make 
the liquor slightly alkaline. The effluent from the filter did not improve, 
however, and continued to have a strong odor of sour milk and an acid 
reaction. After this for two weeks the filter was flooded with water 
daily, the rate being the same as that with the mixture of milk and water. 
At the end of this period the filter was again in good condition and the 
liquor was applied once more. The effluent improved slightly from this 
time on, and nitrification was at times active. This activity continued 
for a large part of the next two months, but at times the results were 
still poor. The strength of the applied liquor was, therefore, still further 
reduced, so as to contain less than 1 per cent, of milk, whereupon good 
nitrification began again in the filter. 

The ef&uent from the filter during the first months of operation had the 
odor of sour milk, and this odor persisted until the end of October. As 
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nitrification became fairly constant in the filter, the odor of the effluent 
became much leaa marked, and with the advent of colder weather it was 
distinctly leas noticeable; and during 1899 the effluent was clear, prac- 
tically colorless and without a dietinguishing odor. 

At the end of 1898 the rate of operation of the filter was reduced to 
50,000 gallons per acre daily. The average analysis of the liquor applied 
to and of the effluent from the filter during the last three weeka of Decem- 
ber, 1898, and the first week of January, 1899, was as follows : — 

IPiutg pa 100.000.] 







NlTMQlH A6 — 


"sr 

lumsd. 


Butarin 




F». 


"S- 


Nltiste*. 


Ni(rit«. 




Applied liqu«, . . 


.10 


2. mo 

O.OTW 


2.70 


.osoo 


0.38 











On Jan. 7, 1899, the strength of the applied liquor was practically 
doabled, but the rate of application was reduced to 25,000 gallons per 
acre daily. The average anal3^iB of the applied liquor during this period 
was about the same as that of the sample obtained from the creamery 
previously mentioned. The filter (No. 106) was continued in operation 
up to the end of November, 1899. Beginning in June, water at the 
boiling point was mixed with the milk, and it was still at about 100° F. 
when applied to the filter. This method was pursued because, at the 
creameries, the cans, chums, etc., were washed with boiling water. It 
was desired to ascertain not only what effect this treatment of the milk 
aa washed from the utensils would have upon its purification by the 
bacteria in the filter, but also the effect of high temperatures upon the 
surface of the filter. TJpon July 10 salt was added to the creamery 
waate applied to the filter thereby increasing the chlorine present to over 
500 parts. This was done because considerable ice cream was made at 
the creamery during the summer months, and, consequently, the waste 
contained a large amount of salt. Nitrification within the filter was not 
seriously disturbed by any of these changes, however, although the 
amount of free and albuminoid ammonia in the effluent increased 
slightly. The filter continued to purify the waste successfully, as ia 
shown by the following table, which gives the average analysis of the 
liquor applied to and of the effluent from the filter during the latter part 
of 1899: — 
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The experiments with creamery wastes are described in the report 
of the Board for 1898, pp. 466-472, inclusive; and in the report for 
1899, pp. 46S-468, inclusive. 

Bindeb's Board Wastes. 
A filter (No. 310) was put into operation at Lawrence to which was 
applied the wast^ water from a miU making binder's board from old 
paper and clay. The waste was very foul, contained much heavy sus- 
pended matter and the daily volume discharged from the plant was 
from 250,000 to 300,000 gallons. The waste was generally colored 
brown, and the suspended matter settled readily. The supernatant 
waste after Bedimentation was applied at the rate of 300,000 gallons 
per acre daily to a filter containing 4 feet in depth of sand of an effective 
size of 0.25 millimeter. The waste putrefied quickly, but the effluent 
from the filter was non-putrescible, fairly clear and practically odorless. 
Average analyses of the entire waste, of the supernatant liquor applied 
to and of the effluent from the filter follow. These analyses show that 
the filter removed 50, 82 and 81 per cent, of the organic matter in the 
applied waste, as shown by loss on ignition, albuminoid ammonia and 
oxygen consumed determinations, respectively. 

Filter No. 310. 
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YbAST WA8TB8. 

The fact that the wastes from a yeast works greatly impaired the 
efficiency of, a sewage-disposal area led to investigations as regards the 
processes carried on in making this product, and to experiments upon 
the waste liquors resulting therefrom. The output of the plant waa ap- 
proximately 50,000 pounds of yeast per month, together with com- 
paratively small quantities of white vinegar. The total daily volume of 
actual wastes was approximately 16,000 gallons. 

The raw stock used at the works consisted of molasses and barley 
malt. The molasses, diluted with town water, was mixed in certain pro- 
portions with a mash of barley malt and water, the combined mixture 
being stirred and heated in a tank, from which it was then drawn off into 
a so-called fermenting tank. After the process of fermentation, during 
which the liquor was cooled and the yeast settled out, most of the su- 
pernatant liquor was drawn off and was either discharged directly into 
the sewer by gravity or pumped into a still and used in the manufacture 
of vinegar. This liquor, which was called " beer," was pumped into the 
still during lees than two days per week. It was wasted at other times 
because of insnflBcient apparatus to handle more than two days' supply. 
The distillate was stored in tanks and was subsequently filtered through 
wooden or rattan shavings, during which process it became aerated and 
changed from a crude fom\ of whiskey into white vinegar. The heavy 
residue in the still, amounting approximately to 2,500 gallons, was dis- 
charged gradually during the process of distillation directly into the 
sewer. On the days when vinegar was made, the still was usually in 
operation for a period of from eight to twelve hours. 

The yeast which settled out in the fermenting tank, together with what 
was left of the beer, was pumped into two washers, where it was diluted 
with water and allowed to stand. After the yeast settled out the super- 
natant liquor, including some of the beer, so called, was discharged into 
a cistern in the rear of the building. This waste water waa called the 
"primary wash." More water was then added to the yeast, and, after 
another period of settling, the supernatant liquor or wash water, so 
called, was discharged into the cistern. The yeast was usually washed 
in this manner at least five times, — never more than six times, it was 
claimed. 

The only other waste waters resulting from the manufacture of the 
yeast consisted of (1) water containing small amounts of lime which had 
been used in washing out the tanks, (2) press liquor and water used in 
washing the press cloths, (3) floor washings, and (4) cooling water. In 
addition to the various liquid wastes, there was a small quantity of dry 
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reeidue from the tank in which the barley malt mash was prepared. 
This was sold to farmers for 5 cents a bushel. All of the liquid wastes, 
with the exception of the " beer," the concentrated liquor from the vine- 
gar still and the cooling water, entered the cistern; the "beer" and 
concentrated liquor were discharged into the sewer and the coohng water 
into the swamp east of the factory. The quantity of the various wastes 
was as follows : — 

Gttllom per Day. 

Teaat liquor ("beer ")i 3^00 

Heavy residue in vinegar still," 2,500 

Primary wash 1,500 

First wash, 2,200 

Second wash, 2,200 

Third wash, 2,200 

Fourth wash, 2,200 

Fifth wash, 2,200 

Total, 18,500 

In Wovember, 1908, samples of two classes of waste were collected 
frequently and sent to the experiment station for analyst, and several 
small filters were started with mixtures of these wastes. Neither the 
wastes from the still nor those from the yeast washings were of a 
putrescible character, and that difficulty would be encountered in bac- 
terial purification of such liquids was thus foreshadowed. 

Three filters were put into operation, two of them containing 3^ 
feet in depth of sand of an effective size of 0.25 millimeter and the other 
containing practically the same depth of clinker. The first filter (No. 
359) was operated at the rate of 35,000 gallons per acre daily, and at 
first received the wastes mixed in equal proportions, but after November 
16 the proportion was 1 part of still liquor to S parts of yeast washings, 
and the rate was increased to 50,000 gallons per acre daily. Soon after 
starting this filter the wastes became acid on standing, and were made 
alkaline with lime before application to the filter. This filter waa 
operated for four months, but, with the exception of some slight nitrifi- 
cation at first, its only action was practically that of a strainer. By 
the straining action about 50 per cent, of the organic matter was re- 
moved from the applied waste. 

The second filter (No. 364) was started at a rate of 50,000 gallons per 
acre daily, and received a mixture of 95 per cent. Lawrence sewage and 
5 per cent, of the mixed waste from the yeast factory. After two months' 
operation the percentage of waste in the mixture was increased to f^ 
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per c^t. TMb vaste iras neutralized vith Hme for a time, bnt after 
February 13 this addition of lime wae omitted. After about eix weeks' 
operation the filter began to nitrify well and the nitrates increased from 
time to time. Attempts to increase in the applied liquor the proportion 
of waste from the factory above that stated were followed on each occa- 
sion by a very great redaction in the nitrification. The filter containing 
S feet in depth of clinker accomplished practically no purification. In 
a sand filter to which this waste was applied after mixture with septic 
sewage sludge, and after a long period of rotting, nitrification did not 
occur, although 60 per cent, of its organic matter was removed. 

The average analyses of the two classes of wastes as taken at the 
factory, of the wiwte applied to and of the effluents from the filters 
described above follow : — 

Average Analyses. 
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From further experiments made at Lawrence with these wastes it 
was determined that, by a period of sedimentation of two hours, about 
25 per cent, of the organic matter present in this waste settled out, and 
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that this amount was increased little, if any, by longer periods of sed- 
imentation; that by sand filtration, or by straining of the supernatant 
waste after sedimentation at a rate of 100,000 gallons per acre daily, 
between 40 and 50 per cent, of the remaining organic matter could 
probably be removed. This was shown by means of a small eand filter 
(No. 379) constructed of 31^ feet in depth of sand of an effective size of 
0.26 millimeter. The average analysis of the waste applied to and of the 
effluent from this filter follow : — 

Waste Liquor applied to Filter No. 379. 

(Fwto pw 100,000.] 
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Wastes peck a Cotton Batting Factobt. 

The product of this company consisted of cotton batting and various 
grades of cotton cloth as well as gauze and surgeons' supplies. The 
stock used was raw cotton and cotton cloth as it came from the manu- 
facturer, and the processes carried on at the mill consisted largely of 
washing, bleaching and dyeing. The various processes were found to 
be somewhat as follows: the cloth or cotton was first boiled in large 
iron kettles with small amounts of ammonium hydrate, after which it 
was thoroughly washed, there being usually two distinct washings. 
After these washings the goods were bleached with chloride of lime and 
were again thoroughly washed. The stock was then soaked in an acid 
bath to neutralize any of the bleaching solution which might have re- 
mained in the cloth, and was again washed two or three times. It was 
finally boiled for a second time with soap, and then washed again two 
or three times, depending on whether the stock consisted of cloth or 
cotton. The cotton stock was usually given a second acid bath after 
the second boiling just referred to, and was then washed three or four 
times to make sure that no acid was left in the goods. In addition, 
some dyeing was done, but this portion of the work was carried on at 
irregular intervals, and the amount of stock so treated was small. 
Liquid wastes r^ulted from practically all of the processes, and the wash 
waters and spent dye solutions were discharged directly into the river. 
The total daily amount of wastes discharged amounted approximately 
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to 50,000 gallons. The worst wastes to be discharged directly into the 
stream were the water used in boiling the stock with ammomiun hydrate 
and tiiat used in boiling the stock for a second time wiili soap. Measure- 
ments of the daily quantity of these wastes, made in 1908, were as fol- 
lows : — 

GalloDi. 

Water in which stock had been boiled with amHioninm hydrat«, . . 3,800 

Water in which stock had been washed after being boiled, . . . 7,600 

Spent bleaching solution, 1,000 

Water used in washing stock after it had been bleached, . . 9,000 

Spent acid solution, 1,000 

Wash waters used after acid bath, 0,000 

Water in which stock was boiled for a second time with soap, . . . 4,000 

Water nsed in washing stock after second boil, 9,000 

Acid bath used on cotton stock, 500 

Wash water used after second acid bath on cotton stock, . . . 6,000 

Total, 50,900 

Spent dye hquors and wash waters amounted to from 5,000 to 10,000 gal- 
lons per day. 

During 1906 samples of the wastes were collected at the mill and sent 
to the experiment station. The strongest of the wastes (the first and 
second boiling of the stock) were mixed and applied to a filter {No. 
311) constructed of 3 feet in depth of sand of an effective size of 0.25 
millimeter, at a rate of 50,000 gallons per acre daily. On several occa- 
sions miitures of all the wastes were applied to this filter. By the mix- 
ture of the strong wastes considerable soap was generally precipitated, 
and a fairly clear, supernatant liquor obtained. When the filter was 
operated with a mixture of the two strongest wastes, and with a mixture 
of all the wastes, the efluent from the filter waa clear, colorless and non- 
putrescible, and the filter removed 73, 89 and 91 per cent, of the organic 
matter in the applied waste, as shown by loss on ignition, albuminoid 
ammonia and oxygen consumed results, respectively. The average 
analysis of the waste as received, of the waste applied to and of the 
effluent from the filter follow : — 
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The ezpeiimentB indicated that the wastes being diBcharged into the 
river could be satisfactorily purified after sedimeutation by filtration 
throu^ eand at a rate of 50,000 gallons per acre daily. 

Wastes fboh . Sile Mills. 

Experiments were made also upon the disposal and purification of 
the waste liquors from a silk mill. The daily volume of sewage or waste 
liquor from this mill approximated 8,500,000 gallons. This liquor 
varied much in character at different periods of the day ou account of 
the varying processes carried on in the mill, at one time resembling in 
appearance domestic sewage and then quickly changing to a bright blue, 
pink, crimson or other color, due to the discharge of waste dye liquors. 
In fact, these dye liquors colored the sewage oftentimes to such an ex- 
tent that it became nearly as highly colored as the dyes in the dye vats. 

Besides this coloring matter, a very large assortment of chemicals, 
etc., was used daily in the mill, a list too long to be given here; but as 
examples a few are mentioned below, together with the average amount 
of each used daily : — 

Pound!. . 

Carbonate of soda, 124 

Silicate of soda, 147 

Ammonia, 52 

Sulphnric acid, 173 

Acetic acid, 181 

Nitrate of iron, 339 

Bichloride of tin, 237 

Sulphate of alumina, 60 

Sodium phosphate, 235 

Glauber's salt, 88 

Chloride of lime, 186 

Logwood, 80 

Dextrine, 1,307 

Vegetable gum, 91 

Aniline dyes, 156 

Soap 2,000 

Muriatic acid, 115 

Silk gam, etc., worked off the raw silk and entering the sewage, . . 1,520 

The list prepared by the mill people contained approximately fifty 
different substances. 

Experiments showed that the surfaces of sand filters became clogged 
quite quickly when this liquor was applied to them, a result due chiefly 
to the starch, dextrine, soap, silk gum, etc., in the sewage. Experiments 
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were therefore made to find methods of preliminary treatment of the 
sewage before applying it to the sand filters. Three methods were tried, 
namely, a septic tank, a coke strainer and a contact filter. After a pre- 
liminary experiment, which showed that the clogging matters conld be 
removed by each of these processes, good-sized experimental tanks and 
filters were put into operation at the mill. 

The septic tank and accompanying sand filter were of such size and 
capacity that the sewage applied to the septic tank took twenty-four 
hours to pass through, and the rate attained by the sand filter which 
received this sewage was 200,000 gallons per acre daily. The coke strainer 
was operated at first at the rate of 1,200,000 gallons per acre daily, and 
the contact filter at the rate of 1,350,000 gallons per acre daily, these rates 
being nearly doubled afterwards. The rates of the sand filters receiving 
the sewage from the coke strainer and from the contact filter varied from 
150,000 to 885,000 gallons per acre daily. 

These experiments showed that the coke strainer was the most efficient 
in removing the clogging matters from the silk liquor, that is, it removed 
nearly ?5 per cent, of these matters; the septic tank removed 50 per cent, 
and the contact filter about 40 per cent. In each case the resulting 
liquor was in good condition for purification by sand filtration at the 
rate stated. Active nitrification in the filters ensued, and their efBuents 
in each instance were generally quite low in color, notwithstanding the 
bright colors at times of the sewage applied. In spite of the large 
amount and variety of chemicals allowed to run to waste from the silk 
mill, the sewage was never sterile, but contained generally at least 3,000,- 
000 bacteria per cubic centimeter. 

Wastes from the Manufactdhb op Iliuminating Gas. 
Experiments were made also upon the purification of the wastes re- 
sulting from the manufacture of both coal and water gas. Taken as a 
whole,. the waste liquor was a very turbid, brownish-black fiuid, contain- 
ing considerable floating oily matter saturated with carbonaceous matters 
in solution, — hydrocarbons, — and having a heavy sediment of tar. It 
was soon evident that chemical treatment would be necessary before 
filtration. Many experiments with both lime and copperas as precipi- 
■ tanta were made on the entire mixed liquor, and also on the separate 
wastes from the water-gas plant and the coal-gaa plant. Chemical 
treatment was successful in coagulating and removing by sedimentation 
a large percentage of the suspended and dissolved matters in these 
wastes. Lime at the rate of a ton and one-half per million gallons was 
effective generally with the wastes from the water-gas plant, but with the 
wastes from the coal-gas plant more certain results were obtained when 
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copperas was used in combination vith lime, in amoimts averaging 
about a ton to each million gallons of liquor treated. The solid matters 
in the untreated liquor varied at times from 3,000 to 53,000 parts per 
100,000 a large percentage of which was leas on ignition. The total 
solid matters after chemical treatment were generally less than 100 parts, 
vfith from 20 to 40 parts loss on ignition. 

The volume of vastes from the process of making water gas varied 
from 5,000 to 25,000 gallom per day, while the volume of wastes from 
the coal-gas plant was much less in amount. 

A filter containing a mixture of sand and coke, was operated at this 
plant for several months, taking all the supernatant liquor after treating 
the entire water-gas wastes with lime, sedimentation and coke straining. 
The time required for chemical precipitation and sedimentation was 
generally but little over an hour. The coke strainers were but a few feet 
square, placed in walls, dividing sections of the settling tank. The filter 
was operated at rates from 500,000 to 2,000,000 gallons per acre daily, 
and although the latter rate was too great to allow much change in the 
liquor, still many of the odors were removed while it passed through the 
filter. The resultant liquor was generally fairly clear, with little odor 
and with total solids and loss upon ignition low. 

The experiments indicated that there should be but little difficulty in 
purifying these gas wastes sufficiently by chemical precipitation and 
rapid filtration or straining. Filtration after chemical treatment at 
rates up to 700,000 or 800,000 gallons per acre daily should produce a 
clear liquor with little odor and but a small percentage of the original 
polluting matters. Aeration of this liquor before filtration aids ma- 
terially the removal of odors. 

Wabtes feom a Finishing Company, 
The wastes from the mill of this company came from the processes used 
in the bleaching and dyeing of cotton cloth and in the dyeing of skein 
yarn. Khaki was treated to a considerable extent and also some heavy 
duck cloth. The volume of wastes from the bleachery, or old part of the 
mill, figured from the measurements taken during the summer of 1909, 
was about 140,000 gallons per day of ten hours, although this amount 
was apt to vary considerably. The wastes included lime-boil liquor, 
soapy solutions, dirty rinse waters, some acid wastes and rinse dye liquor. 
During a large part of the year, when the water in the stream was low, 
the wastes from the mill gave it an extremely dirty appearance. Under 
normal conditions the output of the bleachery was about 40,000 yards 
of cloth per day. 

A new building was erected in the spring of 1909 for the dyeing of 
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skein yarn and raw cotton. Soon after, this part of the mill was pnt into 
operation, and sampleB and meaauremente were taken of the wastes, 
which conaiated of spent dyea and wash waters. Between 80 and 90 
per cent, of these wastes was rinae water and was not very objectionable. 
The wastes from this part of the mill varied considerably in amount 
from day to day, depending upon the condition of business. During the 
summer of 1909 separate systems of piping were laid under the new 
building for the separation of the objectionable wastes from the rinse 
waters. The total quantity of wastee from this part of the mill when the 
measurements were taken amounted to about 500,000 gallons per day 
of ten hours, but several changes made since that time have tended to 
decrease the diacharge. At the time investigations were made at the 
plant this department of the factory was ahut down. 

Frequent examinations were made at the mill during the summer nf 
1909, and samples were collected from the bleachery, or older portion. 
These samples were taken from the various machines, and were repre- 
sentative, BO far as possible, of the waste liquor entering the brook. For 
about four and one-half months samples of the wastes from this mill were 
shipped to the experiment station for analysis. The wastes as received 
were, in a general way, nou-putrescible, very turbid and contained a 
large amount of flocculent precipitate. The supernatant liquor re- 
sulting from the settling of this precipitate was applied from May 29 
to September 32 to a filter (No. 374) constructed of 4^ feet in depth 
of sand of an effective size of 0.36 millimeter, at a rate of 50,000 gallons 
per acre daily. The effluent from the filter was invariably clear, color- 
less and non-putrescible, and contained but a small part of the organic 
matter in the applied waste. 

The following table gives the analysis of the waste as received at the 
station, of the supernatant waste applied to and of the effluent ft'om this 
filter. It will be seen that the efBuent from the filter contained only 
about 11 per cent, of the original organic matter in the waste, as shown 
by the albuminoid ammonia determinations, and about 15 per cent, of 
the amount in the waste applied. The removal of carbonaceous organic 
matter, as shown by the oxygen consumed determinations, was very great, 
the effluent from the filter containing only about 4 per cent, of that in the 
waste ae received, and 10 per cent, of that in the waste as applied to the 
filter. The filter was in good condition at the end of the experiment and 
it was evident that this waste could be efficiently purified by settling 
tanks and sand filters. 
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Average Analysit of Waste applied to Filter No. 374. 
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Waste Liqxjoes phom DTEaNO, Bleaching and Mebcerizinq Cotton 
Yarn. 
trpon investigation at the plant where these processes were carried on 
it was found that the total amount of waste water discharged was about 
60,000 gallonfl per twenty-four hours. Of this total, about 35,000 gal- 
lons represented the worst of the wastes, namely, (1) water in which 
the yarn was boiled with soda ash; (2) spent heavy dye liquor; (3) 
heavy rinse water from dyeing; (4) hot rinse water after mercerizing; 
(5) hot soap batii after bleaching; and (6) cold rinae after the soap 
bath. A composite waste, representing a combination of these six 
wastes in the right proportions, was used in the experiments. Two filters 
(Nos. 318 and 319) were put into operation at the station and to them 
the average waste was applied. Each filter contained 3 feet in depth 
of sand of an effective size of 0.35 millimeter and was operated at the 
rate of 50,000 gallons per acre daily. Filter No. 318 receiving the super- 
natant waste after sedimentation and Filter No. 319 the supernatant 
waste after treatment with chemical precipitants. The average waste 
was brown in color, very turbid, and but a small portion of the matters 
in suspension settled readily. The effluent from Filter No. 318 was 
straw-colored and had but slight odor. This filter removed 56, 87 and 
90 per cent, of the organic matter in the applied waste, as shown by loss 
on ignition, albuminoid ammonia and oxygen consumed determinations, 
respectively. The effluent from Filter No. 319 was of slightly better 
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quality than that from Filter No. 318, Filter No. 319 removiDg 69, 87, 
and 89 per cent., respectively, of the organic matter in the applied waste, 
aa shown by the determinations just mentioned. 

The average analyaes of the raw waste, of the waste applied to and 
of the efflaents from these filters follow : — 
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Shoddy Mill Wastes. 
During 1906 experiments were made upon wastes from a mill manu- 
facturing goods from rags. From 60,000 to 70,000 gallons of waste 
liquor were discharged from this mill daily. Processes for carbonizing, 
washing and dyeing rags were carried on at the plant, and the wastes 
discharged were those resulting from washing the rags after carboniz- 
ing, and also the spent dye liquor from dyeing. Hematine dyea were 
used, and as the amount of dyeing at the mill during this year was com- 
paratively small, the wastes from this process were insignificant. The 
carbonizing process consisted in treating the rags with a solution of 
sulphuric acid. The waste water and the wash water from washing flie 
rags after carbonizing were dirty and contained a considerable amount 
of sulphuric acid. From 250 to 1,200 pounds of lime per million gal- 
lons of waste were required to neutralize it, or about 20 to 100 pounds 
for the volume of waste discharged. The waste aa received at the sta- 
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tion contained coiiBiderable heavy black sediment, but the supernatant 
liquor was fairly clear, and the addition of lime caused etill further 
clarification. The supernatant waste after neutralization was applied 
for two months to a filter (No. 308) containing 3 feet in depth of sand 
of an effective size of 0.28 millimeter, at a rate of 100,000 gallons per 
acre daily. The effluent from this filter was clear, colorless, non-putres- 
cible, and nitrification was active. The average analyses' of the waste 
as received, as applied to the filter and of the effluent from the filter 
are given below, and it will be seen that by sedimentation and filtration 
75, 88 and 85 per cent, of the organic matter in the applied waste, as 
shown by loss on ignition, albuminoid ammonia and oxygen consumed 
det«rminations, respectively, was removed: — 
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In X908 further experiments were carried on with the wastes from this 

mill, as it was said that the process by which the stock was treated in 
order to remove cotton, etc., had been changed. In removing the cotton 
two processes were employed at this time; the greater part of the rags, 
however, were treated as follows: the rags sorted as to color were torn 
into small pieces and soaked in a bath of cold sulphuric acid for abont 
three hours. The strength of this bath varied from 6 to 9° Beanm6 
for different kinds of cloth; that is, the bath contained 7 to 10 per cent, 
sulphuric acid. The rags were then removed, drained and partly dried 
in a centrifugal drier. The drying was finished in steam-heated vats at 
about 300° Fahrenheit, the cotton present being carbonized by this 
process. The driers were not ventilated and the moisture was condensed 
on pipes in which cold water circulated. When dry, the cloth was taken 
to dusters, by which the carbonized cotton was separated from the wool 
as a fine dust, to be drawn off by a suction fan and deposited near the 
boiler room where it was burned. After this the cloth was washed from 
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fifteen to twenty minntea in a machine like a pftper-macMne washer, 
and carbonate of eoda was stated to be added in quantities sufficient to 
neutralize the acid. Other raga were treated by a process in which a 
warm ammonium chloride bath was used instead of a bath of sulphuric 
acid. The rest of this second process was practically the same as that 
jnst described, except that the washing was done without the addition 
of sodium carbonate. Only a small amount of the stock underwent this 
second treatment, however, when it was desired to keep a black color. 

The wastes were supposed to be neutral or slightly alkaline on ac- 
count of the addition of sodium carbonate, but it was soon evident that 
the waste when discharged was still generally acid. The wasto as it 
came from the mill contained a small amount of matter in suspension, 
which settled very rapidly, leaving a clear liquor. This clear liquor waa 
passed through a sand filter at the experiment station, first at the rate 
of 100,000 gallons per acre daily and later at a rate of 150,000 gallons 
per acre daily, with a satisfactory, well-nitrified efQuent as a result. 
Before application to the filter the acid wastes were neutralized by the 
addition of lime in order to ensure good purification. 

The following table presents the average analysis of the waste as it 
came from the works, after clarification by sedimentation, and of the 
effluent from the filter: — 

Average Analyate of Saw Waste, "Waste applied to and Effluent from Filter. 
Putt par 100,000.1 
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Olce Wastes. 

Experiments were made during 1908 and 1909 upon the wastes from 
a glue factory. The stock used at this plant was of three kinds, consist- 
ing of two grades of salt stock (fish skins, heads and bones) and fresh 
fish heads. All three grades were washed before use. After being washed, 
the best grade of salt stock was cooked in open kettles, while the poorer 
grade of salt stock and the fresh stock was heatod with live stoam in 
closed iron digesters. The results of the cooking in each case consisted 
of glue liquor and a solid residue. The glue liquor was evaporated and 
treated in various ways to form the finished product, while the solid 



ifl by Google 



64 



residue was pressed and dried, being shipped finally in bags to fertilizer 
manufacturers. The liquid wastes resulting from the various processes 
amounted to about 130,000 gallons a day, divided as follows: (1) from 
skin washers ; (8) from fresh fish cookers ; (3) from salt fish cookers; (4) 
floor waahioga; (5) condenser water ; (6) purifiersjand (7) the domestic 
sewage from 115 operatives. The main sewer of the factory received all 
this waste at various points and discharged it into a brook below the 
storage basin of the plant for condenser water. These wastes were 
putrescent and had strong and offensive odors. 

Two filters (Nob. 368 and 370) were operated at Lawrence with the 
waste. Filter No. 368 was constructed of 4 feet in depth of sand of 
an effective size of 0.25 millimeter, and received the mixed strong wastes 
at a rate of 25,000 gallons per acre daily at first and later at a rate of 
50,000 gallons per acre daily. The efBuent from this filter was always 
non-putrescible, clear, colorless, odorless, and nitrification was high; 
but notwithstanding high nitrification the free ammonia in the efHuent 
waa also very high, owing to the large amount of nitrogenous bodies 
present in the applied waste. Filter No. 370 was operated as a trickling 
filter and was constructed of 6 feet in depth of broken stone of the size 
most successfully used in trickling filters at the station, and was operated 
at a rate of 500,000 gallons per acre daily for a month and then at a rate 
of 750,000 gallons per acre daily. Nitrification began almost immediately 
in this filter, and the amount of nitrates present was as great as that in 
the effluent from the sand filter, which was operated at from one-tenth to 
one-fifteenth as great a rate. The amount of free ammonia present, 
however, in the effluent from this filter was only one-half as great as in 
the effluent from the sand filter, this result being due largely, however, 
to the fact that the wastes obtained from the works were weaker during 
the period of operation of this filter than during the entire period of 
operation of the sand filter. The effluent from the trickling filter was 
practically odorless, stable and of a character equalling in most respects 
that from trickling filters receiving domestic sewage. 

The average analysis of the waste liquor applied to and of the effluents 
from the two filters follow : — 



Average AnalyBis of Waste Liquor applied to Filters Nos. . 
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Effluent from Sand Filter No. . 
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Paint Mill Wastes. 
InvestigatioDB in regard to wastes from a paint factory were made 
during 1902, 1903 and 1904 as the result of an application in November, 
1903, from a local board of health, in which it was stated that much com- 
plaint had been made to them concerning the contamination of a lake and 
connecting brooks by the wastes from certain paint mills. The lake was 
not a source of water supply, but ice was cut from it in winter and in 
aummer it was used by the students of a girls' college for boating and 
bathing, the boat-house, bath-house and swimming-float being about 250 
yards from the outlet of the brook into the lake. These wastes caused 
the brook to be badly colored oftentimes. The lake, too, became colored 
to some extent, and with the wastes a large amount of lead was carried 
into these waters. Mineral paint, so called, was made, chrome iron ore 
being the basis. This was mixed with lime or sodium carbonate, or both, 
and heated, and the sodium chromate formed was passed into solution. 
This material was then treated in large tanks with lead acetate and 
sodium bichromate, lead chromate being precipitated, and this yellow body 
formed the main portion of the paint shipped from the works. Sulphuric 
acid was added to the tanks at times to vary the shade of yellow formed. 
Lead acetate was made at the plant by allowing acetic acid to pass over 
lead. Blue paint was made by treating the lead chromate with Prussian 
blue, and green paint by mixing the yellow and the blue. A red paint was 
also made of the lead chromate by treating it with aniline dyes. The only 
acids said to be used around the works were acetic, nitric and sulphuric. 
Neither arsenic nor mercury was used. The lead chromate, after being 
precipitated, was pressed in filter pre^es and then mixed or ground with 
oil. No oils were supposed to be allowed to run to waste from the grind- 
ing room. Kerosene was used, however, to prevent scale in the boilers, 
and the exhaust contained some oil which was blown of! into the brook. 
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The lead chromate was precipitated in large tanks, and after Bedimenta- 
tion the supernatant liquor was allowed to run to waste. In the main pre- 
cipitating room, or " yellow house," there were four tanks which held about 
7,000 gallons each, and which were generally emptied once a day, ap- 
proximately 25,000 to 38,000 gallons of waste liquor posing from them. 
From the shop in which the blue paint was made practically the same 
amount of liquor passed into the brook each day, and from the shop in 
which green paint was made about 3,000 gallons per day. Considerable 
water was pressed from the precipitate when it was treated in the filter 
presses, and ttiia waste water was also allowed to run into the brook. It 
was of course the aim to allow as little color or lead to flow to waste as 
possible, but there was not sufficient care taken, as was shown by the 
examinations made. 

Samples of the waste from the mill, of the brook and of the lake 
water were analyzed. Two samples of wastes collected in January, 1903, 
showed 250 and .03 parts of lead per 100,000, respectively. The analyses 
of samples of water from the brook when wastes were flowing from the 
mill and from various parts of the lake itself showed the presence of 
large amounts of lead. A mixture of various samples of the wastes was 
made and the amount of lead determined. It was found that about 150 
pounds of lead passed from the mill each day in the waste liquors, this 
amount of lead, according to figures furnished at the mil!, meaning a 
waste of $3,300 worth of lead per year. A sample of ice cut from the 
lake showed a lead content of .009 part per 100,000. Every acre of water 
in the lake 1 foot deep contained at the time of this investigation about 
S pounda of lead, making the upper foot of lake water contain about 382 
pounds, the lake being 141 acres in area. Deposits in the hrook and at 
the entrance of the brook into the lake also contained large amounts 
of lead. Experiments upon sedimentation showed that if suitable sedi- 
mentation tanks were provided a very large percentage of the lead wasted 
could be saved and prevented from polluting the lake water, and that 
the saving of the lead would eliminate the color of the wastes. At the end 
of 1903 further examinations were made, and samples from the brook 
showed 3.33 parts of lead per 100,000 ; a sample collected from the drain 
entering the brook showed 36.40 parts per 100,000. 

As a result of the first investigations the paint company agreed to 
erect tanks at their works in order to save much of the lead chromate, 
etc., that was wasted. The mill was visited again in August, 1904, the 
brook and lake were examined and samples were collected for analysis. 
It was found at this time that the appearance of the hrook was consider- 
ably improved; the lake seemed to be free from colored matter, and at 
the mill, tanks had been erected to save the wastes from that portion of 
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the mill in which green paint was made. Much lead was saved b}^ these 
tanks and little wasted from them. No provision had been made to save 
the yellow wastes, a considerable flow of which was passing int« the 
brook at this time. Samples taken from the brook, lake and wastes 
from the drains discharging yellow lead chromate at this time were col- 
lected and analyzed for lead, with the following results : — 
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